Background: The biological profile of HIV-positive patients is essential for diagnosing treatment failure and the prognosis of infection. We determined the virological and immunological profiles and biological anomalies of HIV-positive people on antiretroviral therapy (ART) in Bangui, Central African Republic. Methods: We conducted an analytical, descriptive study between 4 April and 30 September 2017 of all patients who had received ART for more than 12 months and who attended the Medical Analysis Laboratory of the Institut Pasteur in Bangui for a complete biological work-up, including viral load. A blood sample was taken for quantification of RNA HIV-1, CD4 lymphocytes and blood count in two tubes containing ethylenediamine tetraacetic acid, and another sample was taken in a dry tube for measurement of creatinine and transaminases. Results: The total population comprised 1748 patients, with a mean age of 38.7 years (±14.3; median, 41 years; range, 2 -79 years); 33.3% of patients were between 40 and 49 years old. Females predominated (71.3%), for a sex ratio of 0.4. Immunological failure was observed in 20.2% of patients (CD4 < 200 cells/µL), and 44.5% of patients had a load of RNA HIV-1 ≥ 1000 copies/mL. The main haematological anomalies were anaemia (28.0%), leukopenia (26.7%), neutropenia (42.1%) and lymphopenia (27.2%). Blood creatinine was abnormal in 61.0% of patients, ALAT in 57.0% and ASAT in 66.9%. Conclusion: The abnormalities observed in this study concerned the haematopoietic system, the liver and the kidneys. As other organs and systems may be affected, periodic multidisciplinary biological and clinical follow-up is necessary for people living with HIV in order to improve their management.
Introduction
HIV/AIDS remains a major public health problem throughout the world and particularly in sub-Saharan Africa. In 2017, UNAIDS estimated that 20.9 million people were receiving antiretroviral therapy (ART). In 2016, 6.1 million people in West and Central Africa were living with HIV, and 31,000 died of diseases associated with AIDS, whereas only 2.1 million people, 35% of those living with HIV in the region, had access to ART. Women account for 56% of people living with HIV in the region. In 2016, there were 370,000 new infections with HIV, representing a reduction of 9% since 2010, and the number of deaths from AIDS decreased by 21%. Among children in West and Central Africa, there were 60,000 new cases of HIV infection in 2016, representing a decrease of 33% since 2010 [1] .
Treatment with multi-ART has prolonged survival, decreased morbidity and improved the quality of life of people living with HIV [2] [3] [4] [5] . ART, like HIV, may, however, attack various body systems and cause abnormalities in the haematopoietic system and organs such as the kidneys, the liver, the heart and muscles [6] [7] [8] . The drugs in ART may thus have undesirable, dangerous effects on patients [9] [10] . Interactions between drugs given for opportunistic and other infections (tuberculosis, hepatitis B) can have dangerous consequences [11] [12] [13] . Kobangue et al. [7] reported that anaemia was the cause of death of 75.8% of children on ART who died at the Paediatric Complex in Bangui between 2008 and 2013.
In the Central African Republic, there has been a decade of sociopolitical instability, which has resulted in population displacement and difficult access to treatment. The present study addresses the biological characteristics of patients on ART who attended the Institut Pasteur in Bangui for a free, complete biological follow-up as part of a national effort to improve their management.
Patients, Material and Methods

Setting and Patients
A cross-sectional descriptive study was conducted between 4 April and 30 September 2017 at the Institut Pasteur in Bangui, a recognized centre for public health, in collaboration with the International Committee of the Red Cross and
Red Crescent Societies. The institute has a medical analytical laboratory, which provides biomedical analyses for the population of the country. We included all patients with HIV/AIDS who had been on ART for at least 12 months for whom systematic biological follow-up had been conducted during the study period.
The inclusion criteria were the presence of HIV-1 infection, ART for at least 1 year and a complete biological work-up, which comprised plasma viral load, CD4 lymphocyte count, blood creatinine and transaminases and blood count.
We excluded from this study: HIV-infected patients who were on treatment for less than one year, patients with incomplete biological status, and patients infected with HIV-2. In this study using clinical files and electronic registers, the patient's identity was not collected in the survey file to ensure ethical clearence.
Sampling
Blood samples were taken for quantification of RNA HIV-1 and for blood counts in two tubes containing ethylene diamine tetra-acetic acid (EDTA), and another was taken in a dry tube for measurement of blood creatinine and transaminases. 
Biological Analyses
Statistical Analysis
The analysis was performed on all data from included patients (exhaustive sampling). Data were entered onto an Excel ® sheet and analysed with Stata software.
We recorded the sex and age of our study population, the viral load, presented as <1000 copies/mL (virological failure) and ≥1000 copies/mL (virological success), and CD4 cell counts, with immunological failure defined as <200 cells/mm 3 
Results
A total of 1748 patients were entered into the study, with a mean age of 38.7 ± 14.4 years and a median of 41 years (range, 2 -79); most (33.3%) were aged 40 -49 years, and most were female (71.3%), for a sex ratio of 0.4.
Characteristics of Patients
Immunological failure was seen in 20.2% and virological failure in 44.5% of patients. Anaemia was observed in 28.0% of patients (Table 1) .
Biological Parameters of Patients
Patients with immunological failure had lower mean values for haemoglobin, haematocrit, mean blood count, leukocytes, polynuclear eosinophils and basophils and lymphocytes than those with immunological success but higher values for creatinine, ALAT and ASAT (Table 2) .
Patients with virological failure had lower mean values for erythrocytes, haemoglobin and mean blood count but a higher mean value for ASAT. The mean haemoglobin concentration was 12.4 g/dL (10.2 -12.5 g/dL) in patients with virological success and 11.6 g/dL (11.4 -11.7 g/dL) for those with virological failure (Table 3) . 
Biological Anomalies
The biological anomalies observed are shown in Table 4 and had anaemia, 51.6% had leukopenia, 46.0% had neutropenia, and 52.6% had lymphopenia. Blood creatinine was abnormal in 37.4% of patients with a high viral load, and abnormal ALAT and ASAT were found in 36.4% and 41.2% of these patients (Table 5 ).
Discussion
Our finding of a sex ratio of 0.4 and a median age of 41 years are similar to those of Mouala et al. [13] , who also found a sex ratio of 0.4 and a median age of 32.5 years among HIV-positive patients in Bangui, and of Loua et al. [16] , who reported a sex ratio of 0.5 and a median age of 40 years in a study in Conakry, Guinea. Mouhari-Touré et al. [17] reported a predominance of women (68.6%) In our study, 79.8% of patients had a CD4 count ≥ 200/mm 3 , and 44.5% had a viral load of <1000 copies/mL. Lozès et al. [18] found that, after 12 months of treatment, 83.0% of patients had an undetectable viral load and 86.0% had recovered their immunocompetence. Our immunological result is therefore similar, but a high viral load persisted.
Haematological anomalies in patients on ART are the result of both immunodeficiency and dysregulation of the immune system. Anaemia was observed in 28.0% of patients in our study. This was the principal haematological anomaly found in other studies of people living with HIV: in 75.8% in Bangui [16] , 95.2%
in Zimbabwe [7] , 54.5% in Conakry [17] and 13.8% in Togo [19] . We found lower mean values for haemoglobin, haematocrit, mean cell count, leukocytes, polynuclear eosinophils and basophils and lymphocytes but higher blood creatinine, ALAT and ASAT values among patients with a low CD4 count. Immunological failure may be due to complications of opportunistic bacterial, viral, pa-rasitic or fungal infections or to the direct effect of the virus on certain haematopoietic progenitors, giving rise to anomalies in all cell lines [20] . Multiple ART and their secondary effects on patients' organ systems may be responsible for renal and hepatic lesions [21] .
Patients with virological failure had lower mean values for erythrocytes, haemoglobin and mean blood count but a higher mean value for ASAT. The mean haemoglobin concentration was 12.4 g/dL for patients with a low viral load and 11.6 g/dL for those with virological failure. Nacoulma et al. [22] Patients with a high CD4 cell count were more likely to have anaemia, leukopenia, eosinophilia, lymphopenia, thrombopenia, microcytosis, hypochromia and abnormal ASAT. These anomalies may be due to various inflammatory mechanisms of HIV infection and secondary effects of ART and of treatments for opportunistic infections. Beuzit et al. [8] found rates of 74% for anaemia, 20% for neutropenia and 15% for thrombopenia in central Africa, and Erhabor et al. [23] found rates of 80%, 24% and 10%, respectively, in Nigeria. The high frequency of anaemia in these two studies was measured before initiation of treatment.
Creatinine was abnormal in 61.0% of our patients, and the transaminases ALAT and ASAT were abnormal in 57.0% and 66.9% of patients, respectively. 
Conclusions
We found immunological failure in 20.2% of patients and virological failure in 44.5%. The main haematological anomalies observed were anaemia, leukopenia, neutropenia and lymphopenia. Blood creatinine was abnormal in 61% of patients, and liver transaminase levels were high. Biological profiling is essential for the diagnosis of therapeutic failure and for the prognosis of HIV infection.
The anomalies observed in this study mainly affected the haematopoietic system,
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the liver and the kidneys. As other organs and systems may also be affected, people living with HIV should undergo periodic multidisciplinary clinical and biological follow-up in order to improve their management.
Strengths and Limitations
Since the recent introduction of HIV-1 viral load measurement in CAR, this study is the first to describe the complete biological profile of Central-African patients infected with HIV. The virological, immunological and haematological parameters were studied as well as liver and renal functions. Anemia was the most frequent abnormality described, as reported in other studies [7] [8] [20] [21] [22] . The limitation of the study concerns the poor access to laboratory facilities in the provinces. Since the Pasteur Institute is located in Bangui, most of the patients included come from the capital city. We recommend national policies together with International support will be able to implement the follow-up of HIV infected patients in the provinces.
